Introduction: Group B Streptococcal (GBS) prosthetic joint infections (PJI) are rare, accounting for only 4.6-6% of primary and revision total knee replacements (TKRs). In 2015, there was an outbreak of GBS infections in Singapore with an association confirmed between consumption of Chinese-style raw fish dishes (snakehead fish, Asian bighead carp) and GBS infection, Type III GBS ST283 strain, affecting more than 200 patients in Singapore. This outbreak is the largest of its kind in the world and also the first time that foodborne transmission of GBS has been proven. We present the first reported case in the literature of a confirmed PJI in a TKR related to foodborne transmission of GBS through consumption of raw fish (Snakehead fish). Case Report: Our patient is a 66-year-old Chinese female admitted with a 24-h history of acute right knee pain and swelling with associated fever in the context of consuming raw fish porridge 3 days before the onset of her symptoms. She had a TKR performed in the same knee 7 years before this presentation. Her GBS PJI was confirmed on both blood and intraoperative tissue/fluid cultures during the outbreak of GBS infections in Singapore. This was managed with debridement, polyethylene liner change, retention of metal prosthesis, and culture-directed antibiotics with good outcomes. Conclusion: Snakehead fish is a popular dish in the Asian community as a traditional remedy to promote wound healing after surgery. Our paper highlights the link between raw fish consumption and invasive GBS causing PJIs. This can occur in healthy adults, even in the absence of gastrointestinal symptoms, despite being a foodborne transmission. Our paper also highlights that GBS PJIs can be managed with debridement, antibiotic therapy, and implant retention with good outcomes in the setting of acute hematogenous infection. We recommend the inclusion of raw fish consumption on history taking in the workup of suspected PJIs and counseling patients preoperatively on the risk of GBS PJIs with the consumption of raw fish dishes (snakehead fish and Asian bighead carp) to mitigate unnecessary PJI risk.
Introduction
Prosthetic joint infections (PJI) are associated with significant morbidity and require prompt diagnosis and early management. Staphylococcus aureus and Staphylococcus epidermidis account for the majority (65%) of PJIs, whereas streptococcal infections are responsible for 14.5-21% of all PJIs. Group B streptococcal (GBS) infections are rare and are responsible for infection in 4.6-6% of primary and revision total knee replacements (TKRs) [1] . In 2015, there was an outbreak of GBS infections in Singapore with an association confirmed between consumption of Chinese-style raw fish dishes and GBS infection, Type III GBS ST283 strain, affecting more than 200 patients in Singapore [2, 3] . The dishes were prepared using snakehead fish and Asian bighead carp. This outbreak is the largest of its kind in the world and also the first time that foodborne transmission of GBS has been proven. While most strains of GBS that affect humans tend to only cause infections in newborns or people with weak immune systems, this particularly aggressive strain of GBS has been seen to cause severe infections even in healthy people [4] . Earlier studies have suggested that penicillin-susceptible streptococcal PJIs managed with debridement, antibiotic therapy, and implant retention (DAIR) have better outcomes compared to PJIs due to other organisms. This in combination with other predictors of good outcomes such as acute hematogenous or early post-operative PJIs (<3 weeks), stable implants, short duration of symptoms before debridement, and absence of sinus tracts, makes DAIR an attractive alternative in infection eradication compared to the more aggressive traditional two-stage reimplantation procedure with its associated increased surgical and perioperative risk. We present the first reported case of GBS PJI linked to the GBS outbreak in Singapore, treated with DAIR.
Case Report
A 66-year-old female was admitted to a tertiary hospital with a 24-h history of acute right knee pain and swelling with associated fever, chills, and rigors. She had a right TKR performed 7 years before this presentation and was on fenofibrate for hypercholesterolemia. She consumed raw fish (snakehead fish) porridge at the local market 3 days before the onset of her symptoms. There was no other history to suggest any primary hematogenous sources of infection. On examination, she was toxic-looking, febrile but hemodynamically stable. Her right knee was hot, tender, and grossly swollen with a markedly limited range of motion secondary to pain. She was otherwise neurovascularly intact in her right lower limb. Cardiorespiratory and abdominal examinations were normal. Investigations Inflammatory markers were markedly raised with C-reactive protein (CRP) 333 mg/L, white cell count 16.26 × 109/L and erythrocyte sedimentation rate 84 mm/h. Other blood tests were within normal range. Her right knee X-ray showed no features of prosthesis loosening or periprosthetic fractures (Fig. 1) . Chest X-ray showed no evidence of consolidation in the lungs (Fig. 2) . Treatment Our patient was diagnosed with an infected prosthetic right knee, and the decision was made for an arthrotomy, washout, and change of polyliner. This was performed on the day of her presentation and empirical antibiotics were commenced. The choice of a combination of cefepime, vancomycin, and rifampicin was made in consultation with our infectious diseases physician. Intraoperatively, she had large amounts of pus in her right knee joint. Her femoral and tibial metal implants were well-fixed. No sinus tracts were found. The GBS PJI of her right TKR was confirmed on both intraoperative fluid and tissue cultures. Blood cultures were also positive for GBS. She was managed with intravenous (IV) benzylpenicillin thereafter based on antibiotic sensitivities. Her drain was removed on post-operative day 4. During her admission, she had deranged liver function tests (LFTs). Initial ultrasound showed two 1 cm faint hypoechoic lesions in her right hepatic lobe suspicious of evolving hepatic abscesses given recent bacteremia. This was managed with antibiotics alone and subsequent computed tomography scan showed complete resolution of the suspected liver abscesses. Her LFTs normalized afterward. Outcome and follow-up She improved postoperatively but had intermittent low-grade fever despite downtrending inflammatory markers. She was able to mobilize independently with a walking stick on discharge and her right knee active range of motion was 0-120°. She was given 6 weeks of high-dose IV benzylpenicillin and was followed up by both orthopedics and infectious disease teams. Her antibiotic regime was switched to oral clindamycin at 6 weeks postsurgery in view of its superior bioavailability profile over oral penicillin. Table 1 shows her inflammatory markers trend from the time of her presentation, postoperatively on day 4, on discharge at 4 weeks and subsequently on follow-up at 6 weeks, 3 months, 6 months, 10 months, 1.5 years, and 2 years, respectively. Her inflammatory markers showed a significant drop postoperatively and continued on a downward trend on subsequent follow-ups. Her CRP and WBC count normalized after 3 months. At 6 weeks, she had complete resolution of her fever and was mobilizing independently without walking aids. She continued to do well thereafter. Our patient was planned for long-term antibiotics suppression with oral clindamycin. However, after 1.5 years of clindamycin, she was keen for a trial of cessation of antibiotics suppression therapy. Clindamycin was stopped after discussion with her infectious disease physician. She remained clinically well 6-month postcessation of antibiotics.
Discussion
There were 360 cases of GBS infections with 2 fatalities in Singapore in 2015 compared to an average of 150 cases per year in the previous 4 years [4, 5] . Over 200 confirmed patients were affected by the GBS infection, Type III GBS ST283 strain due to the consumption of Chinese-style raw fish dishes [2, 3] . While most strains of GBS that affect humans tend to only cause infections in newborns or people with weak immune systems, this particularly aggressive strain of GBS has been seen to cause severe infections even in healthy people [4] . during the outbreak revealed detection of GBS in raw fish samples (snakehead fish and Asian Bighead Carp) during field investigations at various locations including sources and distribution chains [5, 6] . The sale of raw fish dishes containing snakehead fish and Asian bighead carp was hence suspended on July 24, 2015 (during epidemiologic week 29) [5, 6] . Our patient consumed raw fish (snakehead fish) porridge at the local market before the suspension on the sale of this fish on July 13, 2015, from one of these sources involved in the investigation and developed acute right knee pain and swelling with associated fever, chills, and rigors 2 days after. Her operation for an arthrotomy, washout and change of polyliner was performed on July 16, 2015, within 24 h of the onset of her symptoms and her GBS PJI was subsequently confirmed on both blood and intraoperative tissue/fluid cultures. PJI is an infrequent complication of total joint arthroplasty, occurring in 0-15% of cases [7] . A common approach to the treatment of PJIs is a two-stage revision, with success rates ranging from 85% to 100% for infection eradication. However, this is not without drawbacks. A two-stage exchange requiring two surgical procedures as a minimum may lead to multiple surgical interventions, prolonged antibiotic exposure, protracted immobility, and hospitalization stays with attendant potential complications and medical expenses [8] . The removal of a well-seated cemented prosthesis may also result in degradation of bone stock and perioperative fractures [9] . Our case demonstrated that GBS PJIs can be effectively treated with a combination of antibiotic therapy, exchange of polyethylene liner and debridement with metal prostheses retention. This is in congruence with several earlier studies. Zimmerli et al. and Cui et al. both supported the treatment of acute hematogenous infections with debridement and prosthesis retention in the presence of a previously well-functioning joint replacement, stable implants with good soft tissue condition, and the availability of antimicrobial agents with specific activity against the respective biofilm microorganisms [10, 11] . Meehan et al. in their study of the outcomes of penicillin-susceptible streptococcal PJIs also suggested that prompt debridement with retention of prostheses in PJIs with culture-proven streptococcal organisms to be a reasonable treatment alternative in acute PJIs. PJIs due to streptococci in their study had better outcomes than PJIs due to other organisms when treated with debridement and retention of prosthesis, consistent with earlier studies [8, 12, 13] . Meehan et al. highlighted several criteria predicting favorable outcomes, including short duration of symptoms before debridement (<5 days), penicillin-susceptible streptococcal causative organisms, well-fixed prostheses, interval of at least 1 month after prosthesis implantation, and prolonged duration of IV antimicrobial therapy [8] . Burger et al. suggested similar criteria predicting favorable outcomes but also included the absence of sinus tracts or prolonged post-operative drainage [12] . These are in keeping with our patient in this case report.
Open debridement with exchange of the polyethylene liner facilitates a more thorough washout, especially in the posterior knee joint. In 2013, LoraTamayo et al. in their retrospective, multicenter, observational study of S.
aureus PJI cases managed with DAIR (2003 DAIR ( -2010 showed that the exchange of removable components of the prosthesis was an independent predictor of success. By exchanging the polyethylene component of the prosthesis, the risk of failure was reduced by 33% [14] . This is consistent with Byren et al.'s study in 2009 of infected arthroplasties treated with DAIR, where modular prosthesis components were exchanged when an open debridement was performed. The subgroup of patients in this study who underwent arthroscopic washout without exchange of the modular components was associated with a significant risk of treatment failure [9] . There are several unique features in our case report. In addition to being the first reported case in the literature of a confirmed PJI related to foodborne transmission of GBS, the link between raw fish consumption and invasive GBS infection even in healthy adults is an interesting one. This is especially so, given the absence of gastrointestinal symptoms in our case, despite being a foodborne transmission.
The snakehead fish dish, in the Asian community, is a popular dish as a traditional remedy to promote wound healing after surgery, in postpartum mothers and after injury [15] . We feel that this is relevant in the counseling of patients who are undergoing joint replacement surgery as they may be more inclined to consume this dish in the post-operative setting to boost recovery. The risk of developing PJI, among other infections, should be highlighted with the consumption of raw fish (snakehead fish) given its significant associated morbidity and potentially devastating consequences. This risk, in our opinion, outweighs its medicinal benefits of wound healing and can be mitigated or eliminated completely with appropriate counseling.
Conclusion
We recommend the inclusion of raw fish consumption on history taking in the workup of suspected PJI. We support the use of debridement with polyethylene liner change together with culture-directed antimicrobial therapy as the treatment of choice in GBS-infected TKRs if patients present acutely with symptoms and signs of PJI in the absence of prosthesis loosening or sinus tract formation, failing which, removal of implants may then have to be considered.
It is important to counsel patients, especially those from the Asian community, who are undergoing joint replacement surgery on the risk of developing joint infection with raw fish consumption (snakehead fish) given that they may be more inclined to consume this dish in the postoperative setting to boost recovery. We recommend the inclusion of raw fish consumption on history taking in the workup of suspected PJI. This can happen in healthy adults, even with the absence of gastrointestinal symptoms, despite being a food-borne transmission. We support the use of debridement with polyethylene liner change together with culturedirected antimicrobial therapy as the treatment of choice in GBS-infected TKRs if patients present acutely with symptoms and signs of PJI in the absence of prosthesis loosening or sinus tract formation, failing which, removal of implants may then have to be considered.
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